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fecMMM an.lbcx.ies may be used The an,ibod,e S ma, be hunted or 
chimaerised 

A typical preparation of a humanised antibody in which the CDRs are derived 
from a different species than the framework of the antibod/s variable domains ,s 
disclosed in EP.A-0239400. The CDRs may be denved from a rat or mouse 
monoclonal antibody The framework of the variable domains, and the constant 
doma,ns, of the altered antibody may be derived from a human antibody. Such a 
humanised antibody elicits a negligib.e immune response when administered to a 
human compared to the immune response mounted by a human against a rat or 
mouse antibody. 

Mm**. ,he an.ibody may be a cnimaenc antibody, for instance rf the type 

described in WO 86/01 533. 

A chimaeric antibody according to WO 86/01533 comprises an antigen binding 
reg-on and a nonHmmunog.obu.in region. The antigen binding region is an 
antibody light chain variable domain or heavy chain variable domain. Typically 
the chimaeric antibody comprises both light and heavy chain variable domains' 
The non-imrnunoglobulin region is fused at its C-terminus to the antigen binding 
region. The nonnrnmunoglobulin region is typically a non-immunog.obu.in protein 
and may be an enzyme region, a region derived from a protein having known 
b.nd,ng specificity, from a protein toxin or indeed from any protein expressed by a 
gene. The two regions of the chimaeric antibody may be connected via a 
cleavable linker sequence. 

The antibody may beahumanlgG such as lgGl, lgG2, lgG3. lgG4; »gM; |g* | gE 
or IgD carrying rat or mouse variable regions (chimaeric) or CDRs (humanised) 



WO 96/12741 



6 



PCT/EP9V04109 



^oT*™ "* 3150 " -* « - — *— ,n 

alt' * ^ «■ — *~*c aoants 

« <>escnbed ^ „ ^ ^ _ ^ 

d~ vanams of the aoan* desc*bed. nav*. m „ 

•» ^ng ac* Mly descnbed ^ ^ 

am.noacK.sequencei^^^^^^^ ~ al 

T>» degree of amino acid sequence identity can be 

™. is based on ^ „* ^ 

^asCPnMeinSe^nceands^. Dayfc* M0 .. E dpp3S3^e 

Z!T ^^^^'^^atteast^Wrnos, 

often be s^ trtut ed for otner an,^o acids *** nave ^ JZ 
aitenno or adverse,, ^ ^ ^ 5 ^ 

are son^s refen-ed to as i.^^. ^ ^ ^ ^ 
a W no aads oivce. ^ ^ „ iS0leucjn6 „„ ^ t^LT™ 
^r^noa^sbavi^a,^^,^^ o^ajL* 
which can often be substituted tor one anofter include: 



WO 96/12741 



7 



PCT/EP95/04109 



Phenylalanine, tyrosine and tryptophan (amino acids having aromatic side 
chains); lysine, arginine and histidine (amino acids having basic side chains); 
aspartate and glutamate (amino acids having acidic side chains); asparagine and 
glutamine (amino acids having amide side chains) and cysteine and methionine 
(amino adds having sulphur containing side chains). Thus the term "derivative- 
can also include a variant of an amino acid sequence comprising one or more 
such "conservative M changes relative to said sequence. 

The present invention also includes fragments of the binding agents or of the 
present invention or of derivatives thereof which still have the binding activity 
described. Preferred fragments are at least ten amino adds long, but they may 
be longer (e g up to 50 or up to 100 amino acids long). 

The binding agents of the present invention are believed to be useful in the 
treatment or prophylaxis of several human diseases induding arthritis, lupus 
erythematosus. Mashimotos thyroiditis, multiple scterosis.diabetes. uveitis 
dermatitis, psoriasis, urticaria, nephrotic syndrome, glomerulonephritis, 
inflammatory bowel disease, ulcerative colitis. Crohn's disease. Sjogren's 
syndrome, allergies, asthma, rhinitis, eczema, GVH, COPD, insulitis. bronchitis 
(particularly chronic bronchitis) or diabetes (particularly Type 1 diabetes). 

They may also be useful in studying the interactions between CD23 and various 
Hgands e g. between CD23 and CD21. between CD23 and CDl1b, between 
CD23 and CD11c. between CD23 and a 70 to 85 KDa endothelial cell protein 
(which may be a 76. 80 or 85 KDa endothelial cell protein) or between CD23 and 
a 1 15 KDa endothelial protein (which is believed to be related to the 70 to 85KDa 
endothelial protein). One or more of the above interactions are believed to occur, 
in vivo. Antibodies or other binding agents which are capable of blocking thes 
interactions are particularly preferred since it is believed that they may be 
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especially surtable for reducing or alleviating cytokine mediated inflammatory 
effects They may also be useful against B-oell malignancies such as chronic 
lymphocytic leukaemia, and hairy cell leukaemia. 

Binding agents of the present invention are particularly applicable for use in the 
treatment or prophylaxis of rheumatoid arthritis. Without being bound by theory, 
the following possible explanations are put forward:- 

ln the rheumatoid arthritis inflamed synovium, macrophages express both CD23 
and the fc integrins CD11b and CD11c. allowing possible homotypic interactions 
to take place in this tissue. In addition, diffusion of soluble CD23 molecules 
through the synovium and their binding to the integrin ligands is also possible 
Therefore. CD23^D11b/CD11c interactions involving a positive activation loop 
could exist invivo. if present in rheumatoid arthritis patients, it may explain some 
of the pathogenic mechanisms of disease exacerbation and chronicity. and would 
support the hypothesis that once localised to the joints, macrophages themselves 
can maintain and exacerbate inflammation via a pathway involving CD23 
molecules. Mntegrins CD11b and CD11c, as well as pronnflarnmatory cytokines 
TNF-a, IL-1pandlL-6. 

An alternative mechanism of action of ant. CD23 therapy could involve the 
blocking of an IgE immune response. 

In previously published work, it has been shown that in wvo treatment of rats with 
anti-CD23 antibody resulted in antigen-specific inhibition of | gE production 
probably by blocking the CD2^CD21 interactions necessary for complete 
differentiation of IgE-commrtted B cells (Flores-Romo et at.. Science 261 1038- 
1041 (1993)). 
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The present invention also includes binding agents to CD23 which block such a 
response. 



Structurally, the CD21 protein is composed of an extracellular domain of 15 
(Moore et at, Molecular cloning of the cDNA encoding the Epstein Barr Virus C3d 
receptor (complement receptor type 2) of human B lymphocyte. Proc Natl Acad 
Sci USA 84: 91 94 (1987)) or 16 (Weis et al, Structure of the human B lymphocyte 
receptor for C3d and the Epstein Barr Virus and relatedness to other members of 
the family of C3/C4 binding proteins. J Exp Med 167: 1047 (1 988)) repetitive units 
of 60 to 75 amino acids, named short consensus repeats (SCRs), followed by a 
transmembrane domain (24 amino acids) and an intracytoplasmic region of 34 
amino acids. Using CD21 mutants bearing deletions of extracytoplasmic SCRs 
(Careler al. Structural requirements for C3d,g/Epstein Barr Virus receptor 
(CR2/CD21) ligand binding, internalization, and viral infection J Biol Chem 265: 
12293 (1990)), the present inventors have recently found that CD23 binds to 
SCRs 5-8 and 1-2 on CD21. The binding of CD23 to SCRs 5-6 is a lectin-like 
interaction, involving carbohydrates on Asn 295 and 370. In contrast, CD23 
binding to SCRs 1-2 is a protein-protein interaction (Aubry et al, CD23 interacts 
with a new functional extracytoplasmic domain involving N-linked 
oligosaccharides on CD21. J Immunol 152 5806 (1994)) The present inventors 
have now tested the effect of the other ligands of CD21 (EBV. C3d,g and IFN-a) 
on CD23 binding to CD21 and on the regulation of Ig production in the presence 
of IL^t Only EBV particles and an EBV-derived peptide were able to inhibit 
CD23 binding to CD21. Moreover, the EBV-peptide selectively decreased IgE 
and lgG4 production and increased IgM production. These data indicate that 
CD23 binding to the EBV-binding site on CD21 selectively regulates human Ig 
production in the presence of IL-4. 
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Again without being bound by theory, it is believed that the present invention 
allows effective treatments to be achieved by suppressing the de novo synthesis 
of pro-inflammatory cytokines. 

This contrasts with previous uses of antibodies simply to directly neutralise the 
cytokine molecules already present in inflamed tissues. 

It should also be noted that there are speculative publications in the art listing 
large numbers of antibodies as well as large numbers of possible diseases which 
the antibodies are said to be useful in treating, but not providing any sound 
evidence or data for most of the possible combinations. One such publication is 
WO93/Q2108 which is primarily directed to the production of particular chimaeric 
antibodies. 

The present invention is clearly distinguished from such publications by providing 
binding agents to particular molecules which are clearly indicated to be of utility in 
the treatment or prophylaxis of certain diseases in view of the data and 
explanations provided herein. 

Binding agents of this invention are also of particular use in the treatment or 
prophylaxis of allergic diseases, including norvlgE mediated diseases. They may 
be used in the treatment and propylaxis of ulcerative colitis. They may also be 
used in the treatment and prophylaxis of Crohn's disease. 

The binding agents of the present invention may be used alone or in combination 
with immunosuppressive agents such as steroids, cyclosporin, or antibodies such 
as an anti-lymphocyte antibody or more preferably with a tolerance-inducing, anti- 
autoimmune or anti-inflammatory agent such as a CD4+T cell inhibiting agent 
e.g. an anti-CD4 antibody (preferably a blocking or non-depleting antibody), an 
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anti-CD8 antibody, a TNF antagonist e.g. an antf-TNF antibody or TNF inhibitor 
e.g. soluble TNF receptor, or agents such as NSAIDs. 

The binding agent will usually be supplied as part of a sterile, pharmaceutical^ 
5 acceptable composition. This pharmaceutical composition may be in any suitable 

form, depending upon the desired method of administering it to a patient. It may 
be provided in unit dosage form and may be provided as part of a kit. Such a kit 
would normally (although not necessarily) include instructions for use. 

10 Binding agent administrations are generally given parenterally, for example 

intravenously, intramuscularly or sub-cutaneously. The binding agents are 
generally given by injection or by infusion. For this purpose a binding agent is 
formulated in a pharmaceutical composition containing a pharmaceutical^ 
acceptable carrier or diluent. Any appropriate carrier or diluent may be used, for 

15 example isotonic saline solution. Stabilizers may be added such as a metal 

chelator to avoid copper-induced cleavage. A suitable chelator would be EDTA, 
DTPA or sodium citrate. 

They may be given orally or nasally by means of a spray, especially for treatment 
20 of respiratory disorders. 

They may be formulated as creams or ointments, especially for use in treating 
skin disorders. 

25 They may be formulated as drops, or the like, for administration to the eye, for 

use in treating disorders such as vernal conjunctivitis. 

For injectaW solutions, excipients which may be used include, for example, 
water, alcohols, polyols, glycerine, and vegetable oils. 
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This assay can be used for screening compounds or 

^ecc-es by using cei, iines express,* the e^rop^ 

CD11b ,s used in these assays as C0,1b/CD18 and CD11c is used as 

CD1,c, CD , 8 . CD,,**,. ^ CD,™ ^ te a ^ mm6 ~ " 

surrace. 

Any appropriate assay terj^e can be used, e.g. protein™, protein assays 
(• * assaying me interact of stains w* „ 
protein assays or protein-cell assays. 

^ present inversion wi» no» to dnalM „ „, 
reference to .he accompanying drawings: wherein: 

FiGORE, "'^s^effeac.rxeven^i.e.rea^m against ar^s 
on mice using an anti-CD23 antibody; 

FIGURE 2 illustrates the effect of the treatment of mice with an anti- 
CD23 antibody in respect of established arthritis, where multiple 
treatments of the antibody are used; 

FIGURE 3 illustrates the effect of the treatment of mice with an anti- 
CD23 anfbody in respect of established arthritis where a single 
treatment is used; 

FIGURES 4 a, and b) ilustat. the effect of the treatment of mice with a 
monoctcnai anti-CD23 anftody in respect of estabiished arthntis where 

multiple treatments are used; 
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FIGURES 4 c) and d> illustrate the effect of (he treatment of mice with 
F(ab') 2 and Fab fragments of a monoclonal anti^CD23 antibody in 
respect of established arthritis where multiple treatments are used; 

FIGURE 5a illustrates CD23-liposomes binding to CD14 positive blood 

mononuclear cells; 

FIGURE 5b illustrates various CD23 affinity purified proteins on SDS- 
PAGE gels; 

FIGURE 6 illustrates the percentage inhibition of CD23-li p0 some binding 
to actuated blood monocytes obtained using certain monoclonal 
antibodies; 

FIGURE 7 illustrates the binding of CD23 liposomes to various 
transfected cells; 

FIGURE 8 illustrates the effect of various substances on CD23-CDl1b 
and CD23-CD1 1c interaction; 

FIGURE 9 illustrates the effects on nitrite production and oxidative burst 
m monocytes caused by CD23 binding to CD1 1b and CD1 1c, and 

FIGURE 10 illustrates that the binding of recombmant CD23 to CDl1b 
and CD1 1c specifically increases cytokine production by monocytes. 



EXAMPJ F<£ 
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(In some of the following examples the terms "ip", "id" and "n" are used. These 
mean "intraperitoneal", "intradermal" and "number of animals" respectively.) 

EXAMPLE 1 - Preventative Treatment of Mi~ aq ai n St u « inr] Ar ^ n „ 0 

Antibody 

Male DBA/1 mice (8-12 weeks old) were sedated with 0.1 ml of a 1.10 dilution of 
Fentanyl/Fluanisol •HypnomV ip and injected intradermal^ at the base of the tail 
wth 100 mg bovine type II collagen (Cll) emulsified in Freuncfs complete 
adjuvant (Difco). On day 13 post-CII immunisation, test mice were treated with 
one s.ngle injection of rabbit anti-CD23 IgG purified by protein-A Sepharose (Bio- 
Processing, UK) (2 mg/mouse, ip) (n=16, . .) . The purified anti-CD23 

IgG contains 3-5% specific antibody. 

A detailed description of its production is given in Ftores-Romo L ef a/.. Science 
261 1038-1041 (1993). Briefly, a rabbit polyclonal antibody was raised to a 
truncated form of human CD23 corresponding to amino acids 150 to 321 of full 
length CD23 [Kikutani e/ a,., Cell 47 657 (1986)]. The truncated polypeptide was 
Produced in E coT, and purified from a washed pellet of £ coli by iornexchange 
and gel filtration. It had a molecular weight of 25kD and after purification was 
•njected into a rabbit. The resultant antiserum tested positive in both an ELISA 
and a protein immunoblot with recombinant human CD23. An IgG fraction was 
then isolated by protein A-Sepharose affinity chromatography. Control animals 
received protein-A purified IgG from normal rabbit serum (2 mg/mouse) 
(n=17, * * } Mioe ^ inspected daily for development of clinical 
symptoms of arthritis The severity of disease was scored on each paw using a 
scale from 0 = no symptoms to 3 = pronounced swelling, erythema and 
impairment of movement as described in Williams et al., Proc. Natl Acad. Sa 
USA 89 9784-9788 (1992); limb recruitment was assessed by counting the 
number of affected paws. Groups were compared by statistical analysis using 
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EXAMPLE 3 - Treat ment o f Fsta blished Arthritis (single treatment) 

Experiment design was similar to Example 2 with the exception that m,ce were 

treated only once, on day 1 of arthritis, with 2 mg/rnouse of protein-A purified anti- 

CD23 IgG (n=10, ■ ■) or purified normal rabbit IgG 

(n=10, • •).CIinical scores and limb recruitment was assessed as for 

Example 1. 

The significant effect on limb recruitment obtained after one injection on day 1 
demonstrates that in terms of Joint recruitment a single injection administered 
when arthritis is already established is sufficient to protect against further disease 
progression (Fig. 3b). 

EXAMPLE 4 - Treatment of Fstahlished Art hritic Mono^, Ant; ^ ny . 
Arthritic DBA/1 mice were obtained as described above for Example 1. On first 
sign of clinical disease mice were separated randomly in four groups and treated 
on days 1 and 3 with three doses of monoclonal antibody to CD23 (B3B4, kindly 
donated by Professor D. Conrad, Richmond. Virginia. USA and obtainable from 
Pharmingen. It is discussed in J Immunol 138: 1845-1851 (1987)); B3B4 25 

Kg/injection. n=4 O- O. B3B4 50 Mg/injecton. n=4; » - - - - m B 3B4 

100 wj/injection, n=5. ■ «Q. Control mice received PBS (n= 6 • -•). 

Clinical scores and increment in paw thickness from day 1 were assessed as 
described for Example 2. 

Intraperitoneal injections of 50 ng of B3B4 monoclonal antibody were sufficient 
for effective therapy as shown by the significant decrease in dinical scores and 
the number of affected paws obtained using this treatment regimen In contrast, 
the diseas severity of mice treated with 25 ng monoclonal antibody did not 
improve the positive therapeutic effect obtained with 50 ng B384 rronoctonai 



WO 96/12741 



18 



PCT/EP95/04109 



10 



15 



20 



(F,g. 4) . ^ dose<e(ated ^ 

admiration is illustrated in Fig. 4b which shows that sZnn«»l l 
paws did not increase from day 1 in the m ^ * "* arth, * c 

^ 1 m the groups receiving jp injections of 50 or 1 no 
Mg monoclonal antibody B3B4 q^i,^ * ^ of^orlOO 
ooay B3B4. Snarly to what was observed with the other 
clinical measurements doses of ^ „ . 

disease on S * W m ° n ° d0na ' antKJD23 ' ^ministered aft er 

disease onset were subtherapeutic and the increments in paw sweHino we re 

s.m„ar to controls (Fig. 4b). Likewise, a significant reduction 

^ ... . ^ ' =»ynmcant reduction in severity of the 

polyclonal anlM:D23 loG (dala not shown), afflnrtv-punfled 
■j* t ~« clinic* seven* Mtowin£r ^ 

r^rr trr znr - - — ^ 

^ , w tGd m,C8 severity of disease with less 

apparent destruction of cartilan- ^ k~ Iess 

pints ma^no^, ' ^ Wh6reas «» •"-P"*" of 

w was agnmcantly increased (80 % vs 0 %). 

This is demonstrated in Table 1 below: 
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Treatment 
(no of mice) 


Normal 
(%) 


Mild 
<%) 


Moderate 
(%) 


Severe 
<%) 


Total 
number 
of joints 
examined 


anti-CD23 
(n=6) 1 


80 


8 


12 


0 ~ 


r 59 

I 


controls 
(n=6) 


0 


0 


6 


94 


69 



This table shows a comparison of histological preparations in respect of joints 
taken from mice treated with anti-CD23 or from control mice. The mice had been 
treated as described above in relation to Fig 4. 

Histopathology was assessed as follows: 



The first limb to become arthritic was removed post-mortem, fixed in 10% (wt/vol) 
buffered formalin and decalcified in EDTA in buffered formalin (5.5%). The paws 
were then embedded in paraffin, sectioned and stained with haematoxylin and 
eosin. Histological preparations (3 sections/paw) were scored using the following 
criteria: mild + minimal synovitis, cartilage loss and bone erosions limited to 
discrete foci; moderate = synovitis and erosions present but joint architecture 
intact; severe = extensive synovitis and erosions with disruption of join 
architecture. All the joints present in each section were assessed and the 
percentage presenting normal, mild, moderate or severe scores was determined 
Inflammation was assessed by the increment in paw thickness relative to the 
thickness of the paw on the first day of treatment, measured using calipers 
(Proctest 2T. Kroeplin Lang^nmesstechnik). 
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Further data in respect of monoclonal antibodies and fragments thereof are 
provided in Figures 4c and 4d. Those data are based upon the following 
protocol: 



Male 8-12 weeks old DBA/1 mice injected id with 100 M g bovine type II collagen 
emulsified in complete Freund's adjuvant. 

On first sign of clinical disease (± 3 weeks later) mice are injected ip with the 
following preparations of monoclonal antibodies, (injections on day 1 and day 3) 

B3B4 whole IgG 2a 50 jig/injection ip n = 8 

Fab of B3B4 1 50 ug/injectjon ip n = 6 

F(ab , ) 2 ofB3B4 75 ug/injection ip n = 7 

M6 control lgG2a 50 ng/injection ip n = 7 

Mice are inspected daily and severity of clinical disease of each paw is scored 
(max/paw = 3; max/mouse = 12). The results for the scoring of clinical disease 
are shown in Figure 4c. 



The swelling of the first arthritic paw is followed using calipers. The results for the 
scoring of paw swelling are shown in Figure 4d. 

Mice are killed on day 10 of arthritis, the first paw to become arthritic is sectioned, 
fixed and decalcified for histopatnological examination. 

Interaction between CD23 and CD1 1b and between HD23 and CD1 ir. 

Without wishing to be bound by theory, since it is not fully understood how anti- 

CD23 antibodies achieve the surprising results disclosed above, it is possibl that 
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this may be due to the interaction of CD23 with CD1 1 b and/or CD1 1 c. Examples 
5 to 10 and the accompanying Figures (see later) illustrate this. 
In these Examples, full-length recombinant CD23 incorporated into fluorescent 
liposomes was shown to bind to COS cells transfected with cDNA encoding either 
CD11b/CD18 or CD11c/CD18 but not with transfectants expressing 
CD11a/CD18. The interaction between CD23-liposomes and CD11b/CD18 or 
CD11c/CD18-transfected COS cells was specifically inhibited by anti-CD11b or 
anti-CD11c, respectively, and by anti-CD23 monoclonal antibodies. The 
functional significance of this ligand pairing was demonstrated by triggering 
CD11b and CD11c on monocytes with either recombinant CD23 or anti-CD11b 
and anti-CD11c monoclonal antibodies to cause a marked increase in nitrite 
(N0 2 ), oxidative products (HA) and proinflammatory cytokines (IL-ip, IL-6 and 
TNFa). These CD23-mediated activities were decreased by Fab fragments of 
monoclonal antibodies to CD1 1b, CD1 1c and CD23. These results demonstrate 
that the surface adhesion molecules CD11b and CD11c are receptors for CD23 
and that this novel ligand pairing regulates important activities of monocytes. 

The following discussion explains briefly the experimental design and the 
rationale behind Examples 5 to 10 (which follow):- 

Total blood mononuclear cells were incubated with recombinant fulHength CD23 
incorporated into fluorescent liposomes and analysed by flow cytometry (Pochon, 
S. et a/. J. Exp. Med. 176, 389-398 (1992)). A fraction bound CD23-liposomes 
(Example 5, Fig. 5a) which was then shown by double staining to consist of 
CD14-positive cells (i.e. monocytes). To confirm that monocytes were able to 
bind CD23-liposomes, Wood mononuclear cells were FACS-sorted into CD14- 
positive and CD14-negative populations (Example 5, Fig. 5a) CD23-liposomes 
were shown to bind only to the CD14-positive population (Exampl 5, Fig. 5a) 
Since monocytes were found to express neither membrane IgE nor CD21 (not 
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shown), the known ligands for CD23, it was investigated whether monocytes 
express a different receptor for CD23. Monocytes were lysed and cell extracts 
purified over an affinity column coupled with recombinant soluble CD23. SDS- 
PAGE and silver staining analysis of the eluted material revealed bands of 
around 80 and 160 kDa MW (Example 5, Fig. 5b). Antibodies identifying 
antigens within this range of MW and reported to be expressed on monocytes 
were tested by FACS for their capacity to inhibit CD23-liposome binding to 
monocytes (Example 6, Fig. 6). Anti-CD11b and anti-CD11c monoclonal 
antibodies both inhibited CD23-liposome binding to monocytes, with varying 
degrees of potency (Example 6, Fig. 6). Anti-CD13, anti-CD49d, anti-CD21 (not 
expressed on monocytes) and anti-CD11a (the third member of the p2 integrin 
family of adhesion molecules) had no significant effect (Example 6, Fig. 6). 
Antibodies against MHC Class I, Class II, CD14 and CD45, all of which highly 
expressed on monocytes, were also tested for their effect on CD23-liposome 
binding. None however had any effect (not shown). Anti-CD18 monoclonal 
antibody gave a partial inhibition of CD23 binding. This could be due either to 
steric hindrance or to the induction of a conformational change in the CD1 1b and 
CD11c molecules upon anti-CD18 Mab binding. The monocyte-derived proteins 
eluted from the CD23-affinity column were immunoreactive with anti-CD11c 
(Example 5, Fig. 5b) and anti-CD11c/CD1 8 antibodies (not shown). 

To confirm that the a chain of CD11b/CD18 and CD11c/CD11b were receptors 
for CD23, full-length cDNAs encoding CD11b and CD11c were transiently co- 
transfected with CD18 cDNA into COS cells. Transfectants expressing 
CD11b/CD18 and CD11c/CD18 were both shown to bind CD23-Jiposomes, in 
contrast to transfectants expressing CD1 1a/CD18 (Example 7, Fig. 7). This might 
be explained by the higher degree of homology between CD11b and CD11c 
when compared to their homology to CD11a. The specificity of the interaction 
was demonstrated by inhibiting CD23-liposom binding using anti-CD11b, anti- 
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CD11c and anti-CD23 monoclonal antibodies. The same results were obtained 
using BHK cells expressing CD11b/CD18 and CD11c/CD18 (not shown). As 
further proof of the specificity of the CD23 interaction, activated blood monocytes 
from a Leukocyte Adhesion Deficiency patient lacking p2 integrin expression due 
a mutation in the gene encoding the p subunit were unable to bind CD23- 
liposomes (not shown) Together, these data demonstrate that CD23 interacts 
with CD1 1b and CD1 1c on normal human monocytes and on transfectants. 

CD1 1b and CD11c are adhesion molecules that participate in many cell-cell and 
cell-matrix interactions. The examples show that CD11b/CD18 and CD11c/CD18 
may exhibit an additional adhesive function by virtue of their ability to bind CD23. 
CD23 seems to identify an epitope dose or identical to factor X as observed by 
the capacity of factor X to inhibit in a dose dependent manner CD23-liposome 
binding (Example 8. Fig. 8) without affecting surface expression of CD11b or 
CD1 1c on monocytes (not shown). None of the other ligands tested had any 
effect. CD23 may be acting as a C-type lectin in its interaction with CD11b and 
CD11c EDTA decreases CD23 binding to monocytes (Example 8, Fig. 8) by 
chelation of Ca 2 * which is necessary to CD23 binding and/or by chelation of the 
divalent cations which are necessary for the binding of ligands to CD11b and 
CD11c(Altieri. D.C. J. Immunol. 147, 1891-1898 (1991)). CD23-CD11b/CD11c 
interaction seems to involve sugars, but not sialic acid, as observed by the 
capacity of tunicamycin. but not neuraminidase, to decrease CD23 binding to 
monocytes. CD23 bears extracellularty a triplet of amino acids (Asp, Gly, Arg) 
(Wkutani, H. et at. Cell 47, 867-885 (1986)), which in the reverse orientation is a 
common recognition site for the integrin receptors. Therefore, the effect of a 
polyclonal antibody directed against this tri peptide was tested for its capacity to 
inhibit CD23 binding to monocytes. No inhibition was observed, confirming the 
absence of inhibition obtained with fibrinogen (Example 8. Fig. 8). IgE which is 
binding in the lectin domain of CD23. partially inhibits CD23 binding to monocyt s 
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transfectants using anti-CD11b (trace 4), anti-CD23 (trace 5) and anti-CD11c 
(trace 6) monoclonal antibodies, respectively. No binding of CD23-iiposomes 
was observed on CD11a/CD18 transfectants and no effect of anti-CD11a 
monoclonal antibody was found (trace 3). 

EXAMPLE 8 

Structural characterisation of CD23-CD1 1 b. CD1 1 c interantinn (See Fig. 8). 

(a) Involvement of sugars and divalent cations 

Purified activated blood monocytes were treated or not with tunicamycin (10 
ng/ml) for 48 h or with neuraminidase (0.1 U/ml; both from Boehringer Mannheim, 
Mannhein. Germany) for 45 min. Cells were then incubated with CD23- 
liposomes or control-) iposomes in the absence or presence of EDTA (5 mM; top 
left panel), Ca 2 * or Mn* (1 to 10 mM; top right panel). 

( b ) Factor X does inhibit CD 23 binding to monocytes purified activated blood 
monocytes were incubated with CD23-liposomes in absence or presence of 
factor X (0.1 to 10 U/ml; Sigma) (bottom left panel), fibrinogen (50 jig/ml; Sigma), 
purified recombinant ICAM-1 (produced in our laboratory), LPS (1 jig/ml; Sigma), 
human serum opsonised-zymosan (1 mg/ml; Sigma). IgE (50 ng/ml; The Binding 
Site, Birmingham) or polyclonal antibody to RGD peptide (1/500, ATCC) (bottom 
right panel). Cells were analysed by FACS and MFI measured. Percentage 
inhibition was calculated as for Example 6. 

EXAMPLE 9 

Recombinant CD23 bv b inding to CD1 1b and CD1 1c specifically increases a , thg 
nitrite product and b. the oxidative burst bv monocytes . 

Monocytes were incubated a. for 4 days at 37°C or b. overnight in the absence or 
presence of recombinant soluble CD23 (Graber P. et a/., J. Immunol Methods 
149 215-226 (1992)) (50 ng/ml). anti-CD11a (clone 25.3), anti-CD11b (clone 44), 
anti-CD1 1c (clone BU-15) monoclonal antibodies (all at 10 ug/ml). 
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To assess the amount of NO produced (which is shown in Fig. 9a). the culture 
supematants were assayed for the stable end products of NO, NOj" and NCh' 
according to Green era/., Annu. Rev Immunol. 2 199-218 (1984). The specificity 
of CD23-mediated increase of NO," production was demonstrated by inhibition of 
NO/ production by Fab fragments of anti-CD23 monoclonal antibodies (mab25) 
(tested at 10 M g/ml) and by inhibition with nitroarginine (N-Arg at 1 mM) (Sigma). 

Activated monocytes were incubated with hydroethidine (Molecular probes, 
Eugene, OR) (0 3 ug/ml) for 30 min at 37°C (Rothe G. et a/., J. Leukoc. Biol. 47 
44CW48 (1990)) and analysed by FACS. Percentage increase in red 
fluorescence of stimulated monocytes is shown in comparison to untreated 
monocytes (See Fig. 9b). Monocytes which had undergone an oxidative burst 
shown an increase of red fluorescence signals compared to untreated monocytes 
reflecting oxidation of hydroethidine to ethidium bromide (Lacal P.M. et a/., 
Biochem. J. 268 707-712 (1990)). MFI values of monocytes alone were 159+/- 
10. Mean+/-SD values of 6 experiments are presented. Con A, which is known 
to induce a respiratory burst in monocytes, was used as a positive control. The 
specificity of the CD23 interaction with CD11D and CD1 1c was demonstrated by 
inhibition of CD23-mediated increase of H 2 Ch production by Fab fragments of 
anti-CD11b (done 44), anti-CD11c (done BU-15) and anti-CD23 (mAb25) 
monoclonal antibodies (tested at 10 ug/ml). 

EXAMPLE 10 

Binding of re combinant CD 23 to CD11b and CD11c snerificaih, increases 
cytokine production by monocytes (See Fig. 10). 

Monocytes were incubated overnight at 37X in the absence or presence of 
recombinant soluble CD23 (Graber P etal., J. Immunol. Methods 149 215-226 
(1992)) (50 ng/ml), anti-CD11a (done 25.3), anti-CD11b (clone 44), anti-CD11c 
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(clone BU-15), anti-CD23 (mAb 25 - this antibody is available from Immunotech. 
It is discussed in published European Patent Application EP-A0269728) 
monoclonal antibodies, Con A (Sigma) (all at 10 ng/ml), LPS (1 ng/ml) (Sigma) or 
PMA (5 ng/ml) (Calbiocbem, La Jolla, CA). Cytokines were measured in the 
culture supernatant by specific ELISA. The ELISA's limit of sensitivity is 0.05 
ng/ml for IL-1p (Ferrua et at., J. Immunol. Methods 114 41-48 (1988)) 0.01 ng/ml 
for TNFa (Medgenix, Biotechnie. Rungis, F) and <0.01 ng/ml for IL-6 (Manie et 
a/., Eur. Cytokine Netw. 4 51-56 (1993)). The specificity of CD23 interaction with 
CD1 1b and CD1 1c was demonstrated by inhibition of CD23-mediated increase of 
cytokine production by Fab fragments of anti-CD1 1b (clone 4), anti-CD11c (clone 
BU-15) and anti-CD23 (mAb25) monoclonal antibodies (tested at 10 ug/ml). 
Mean+/-SD values of 4 experiments are presented. 

EXAMPLE 11 

Monoclonal antibodies to recombinant E. coh derived soluble human CD23 (25 
kD, amino acids 150-321) were raised in mice, by standard procedures except 
using lymph nodes not spleen cells. These blocked the activities of human CD23 
in vitro. 

EXAMPLE 12 
Ulcerative colitis 

3 tamarin monkeys were dosed with anti-CD23 Mab without adverse effects, 
resulting in an improvement in subjective faecal score. 

The dosage was 1mg every 4 days by intramuscular injection. 



EXAMPLE 13 

No toxic effects were observed in any tests reported here. 
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CLAIMS 

' A binding agent to CD23 for use in the or 

inflammatay, autoimmune or allergic diseases. P™P»V» of 

2. A binding agent according to claim 1. wherein me bhding agent is an 
a fragment thereof. a n ^ ^ coming „ ^ Z 
^ng a fragment thereof. . ^ or . ^ ^ 

1 A binding agent according to any preceding daim which blocks 
•nterachon between CD23 and tfcands which bind to « *, 

& A binding agent according to any preceding Cairn for use in me 

muKiple sepsis, tfabetos. ^ demlaU|is 
nephrotic syndrome, glomeru^*, ^.J* 
-oera^ve co» B , Crohn, disease. Sjogren, syn^, ^ ^ 
— »* GVH. COPD. bronchi insuMs. rhir* or diabetes. ' 

a A "^ a ^^ingtoanyofc to ^l l o il)oruseinln9tre3lmenl 
of Mr*, allies, ulcerative col«is or Crohn's disease. 

* A biding agent according to daims S. for u* in the treatment of 
rheumatoid arthritis. 
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8. The use of a binding agent to CD23 for the manufacture of a 
medicament for the treatment of arthritis, lupus erythematosus, systemic lupus 
erythematosus, Mashimotos thyroiditis, multiple sclerosis.diabetes, uveitis, 
dermatitis, psoriasis, urticaria, nephrotic syndrome, glomerulonephritis, 
inflammatory bowel disease, ulcerative colitis, Crohn's disease, Sjogren's 
syndrome, allergies, asthma, eczema, GVH, COPD, bronchitis, insulrtis, rhinitis or 
diabetes. 

9. The use of claim 8, for the treatment of arthritis, allergies, ulcerative 
colitis or Crohn's disease. 

1 0 The use of claim 9 for the treatment of rheumatoid arthritis. 

11. A pharmaceutical composition comprising a binding agent to CD23 and 
a pharmaceutical^ acceptable carrier. 

12. A composition according to claim 11, containing a unit dose of binding 
agent of at least 1 mg. 

13. A pharmaceutical composition according to claim 11 or 12 wherein the 
binding agent is an antibody. 

14. A pharmaceutical composition according to claim 13 wherein the 
antibody is a humanised or a chimaerised antibody. 

15. A pharmaceutical composition according to claim 11 substantially as 
hereinbefore described. 
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16 A binding agent, use or pharmaceutical composition according to any 
one of the preceding claims, wherein the binding agent is in combination with an 
immunosuppressive, tolerance-inducing, anti-autoimmune or anti-inflammatory 
agent. 

17. A binding agent, use or pharmaceutical composition according to claim 

16 wherein the binding agent is in combination with a CD4+T cell inhibiting agent 
or a TNF antagonist: 

18 A binding agent, use or pharmaceutical composition according to claim 

17 wherein the binding agent is in combination with an anti-CD4 antibody. 

19. A binding agent according to claim 1 substantially as hereinbefore 
described. 

20 A method of treating an inflammatory, autoimmune disease or an allergic 
disease comprising administering a pharmaceutically effective amount of a 
binding agent to CD23 to a patient 
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